CHAPTER 2:  Describing Motion: Kinematics in One Dimension

Answers to Questions
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4.
For both cars, the time elapsed is the distance traveled divided by the average velocity.  Since both cars travel the same distance, the car with the larger average velocity will have the smaller elapsed time.  Consider this scenario.  Assume that one car has a constant acceleration down the track.  Then a graph of its speed versus time would look like line "A" on the first graph.  The shaded area of the graph represents the distance traveled, and the graph is plotted to such a time that the shaded area represents the length of the track.  The time for this car to finish the race is labeled "t1".


Now let the second car have a much smaller acceleration initially, but with an increasing acceleration.  A graph of its velocity, superimposed on the above graph and labeled "B", might look like the second diagram.
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It is seen that at the time t1 when the first car finished the race, the second car is going faster than the first car, because the heavy line is “higher” on the graph than the line representing the first car.  However, the area under the "B" line (the distance that the second car has traveled) is smaller than the shaded area, and so is less than the full track length.  For the area under the "B" line to be the same as the area under the "A" line, the graph would need to look like the third diagram, indicating a longer time for the second car to finish the race.

10. If the two cars emerge side by side, then the one moving faster is passing the other one.  Thus car A is passing car B.  With the acceleration data given for the problem, the ensuing motion would be that car A would pull away from car B for a time, but eventually car B would catch up to and pass car A.

14. To estimate the height, throw the ball upward and time the flight from throwing to catching.  Then, ignoring air resistance, the time of rising would be half of the time of flight.  With that "half" time, assuming that the origin is at the top of the path and that downward is positive, knowing that the ball started from the top of the path with a speed of 0, use the equation 
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 with that time and the acceleration due to gravity to find the distance that the ball fell.  With the same "half" time, we know that at the top of the path, the speed is 0.  Taking the upward direction as positive, use the equation 
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 to find the throwing speed.

Solutions to Problems

7.
The time for the first part of the trip is calculated from the initial speed and the first distance.  
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The time for the second part of the trip is therefore
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The distance for the second part of the trip is calculated from the average speed for that part of the trip and the time for that part of the trip.
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(a)  The total distance is then 
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(b)  The average speed is NOT the average of the two speeds.  Use the definition of average speed.
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14.
The distance traveled is 500 km (250 km outgoing, 250 km return, keep 2 significant figures).  The displacement 
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is 0 because the ending point is the same as the starting point.

(a)
To find the average speed, we need the distance traveled (500 km) and the total time elapsed.  

During the outgoing portion, 
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 and so 
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.  During the return portion, 
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, and so 
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.  Thus the total time, including lunch, is 
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.  Average speed 
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(b)
Average velocity = 
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19.
The initial velocity of the car is the average speed of the car before it accelerates.
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The final speed is 
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, and the time to stop is 4.0 s.  Use Eq. 2-11a to find the acceleration.
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26.
The final velocity of the car is zero.  The initial velocity is found from Eq. 2-11c with 
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32.
The car's initial speed is 
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Case I:  trying to stop.  The constraint is, with the braking deceleration of the car 
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, can the car stop in a 28 m displacement?  The 2.0 seconds has no relation to this part of the problem.  Using equation (2-11c), the distance traveled during braking is
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[image: image25.wmf]She can stop the car in time.



Case II:  crossing the intersection.  The constraint is, with the acceleration of the car 
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, can she get through the intersection (travel 43 meters) in the 2.0 seconds before the light turns red?  Using equation (2.11b), the distance traveled during the 2.0 sec is


[image: image27.wmf](

)

(

)

(

)

(

)

(

)

2

22

11

00

22

12.5ms2.0 s0.927ms2.0 s26.9 m

xxvtat

-=+=+=

.  
[image: image28.wmf]She should stop.


37.
Choose upward to be the positive direction, and take 
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 to be the height from which the ball was thrown.  The acceleration is 
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.  The displacement upon catching the ball is 0, assuming it was caught at the same height from which it was thrown.  The starting speed can be found from Eq. 2-11b, with x replaced by y.


[image: image31.wmf](

)

(

)

2

1

00

2

2

1

2

0

2

11

0

22

0   

9.80ms3.0 s14.7ms15ms

yyvtat

yyat

vat

t

=++=®

--

==-=--=»


The height can be calculated from Eq. 2-11c, with a final velocity of 
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 at the top of the path.
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47.
Choose downward to be the positive direction, and 
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 to be at the top of the cliff.  The initial velocity is 
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, the acceleration is 
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(a)
Using Eq. 2-11b and substituting y for x, we have 


[image: image38.wmf](

)

(

)

222

1

00

2

   4.9ms12.0ms70 m0    2.749 s , 5.198 s

yyvtatttt

=++®--=®=-

.  The positive answer is the physical answer: 
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(b)
Using Eq. 2-11a, we have 
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(c)
The total distance traveled will be the distance up plus the distance down.  The distance down will be 70 m more than the distance up.  To find the distance up, use the fact that the speed at the top of the path will be 0.  Then using Eq. 2-11c: 
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Thus the distance up is 7.35 m, the distance down is 77.35 m, and the total distance traveled is 
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51.
Slightly different answers may be obtained since the data comes from reading the graph. 

(a)
The indication of a constant velocity on a position-time graph is a constant slope, which occurs 

from 
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(b)
The greatest velocity will occur when the slope is the highest positive value, which occurs at 

about 
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(c)
The indication of a 0 velocity on a position-time graph is a slope of 0, which occurs at about 

from 
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(d)

[image: image46.wmf]The object moves in both directions.

  When the slope is positive, from 
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the object is moving in the positive direction.  When the slope is negative, from 
[image: image49.wmf]38 s

t

=

 to 
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, the object is moving in the negative direction.
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Jeopardy problem J2: After how many seconds would a car whose initial velocity is 10 m/s reach a velocity of 24 m/s, assumaing it accelerates at 2 m/s2?
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